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Description 

[0001] This invention relates primarily to paper mak- 
ing processes that utilise bentonite and to novel fluid 
bentonite concentrates suitable for use in these proc- 
esses. The invention also relates to other processes in 
which such concentrates are useful. 
[0002] There are many paper making processes 
which comprise providing a cellulosic suspension at a 
paper mill, mixing an activated bentonite dispersion into 
the cellulosic suspension and draining the suspension 
to form a wet sheet, which is then dried to provide paper 
(including paper board). In some instances the ben- 
tonite is added at the thick stock stage (for instance for 
stickies control) and the suspension is diluted to a thin 
stock before drainage, but in other processes the ben- 
tonite dispersion is added at the thin stock stage. It can 
be added before a polymeric retention aid, but there is 
particular interest in microparticulate processes, where- 
in the cellulosic suspension is subjected to shearing af- 
ter adding the polymeric retention aid, and the bentonite 
is then added to the sheared suspension prior to drain- 
age. 

[0003] It is necessary that the bentonite should be in 
a highly swollen, activated, form and in practice this 
means that it should be in the form of a monovalent salt 
of bentonite such as sodium bentonite. Although there 
are some naturally occurring sources of sodium ben- 
tonite, most natural bentonites are alkaline earth ben- 
tonites, generally calcium or magnesium bentonites. 
The normal practice is to activate the alkaline earth ben- 
tonite by ion exchanging the calcium or magnesium for 
sodium or other alkali metal or ammonium ion. Gener- 
ally this is done by exposing the bentonite to an aqueous 
solution of sodium carbonate, although some other ac- 
tivating materials are known, for instance as described 
in JD-A-01 -45754. 

[0004] Because of the high viscosifying effect of acti- 
vated bentonite, it is not convenient to transport or han- 
dle a simple dispersion of activated bentonite in water 
which has a solids content of greater than around 5%. 
It is not convenient to supply such a dilute composition 
to the mill and so the normal way of supplying bentonite 
to a paper mill is in solid form. The mill mixes bentonite 
powder with water and optionally activating chemicals 
generally to form an activated dispersion having a solids 
content of around 3 to 5% and this is then generally di- 
luted to around 0.05 to 1% prior to addition to the cellu- 
losic suspension. This necessitates that the mill should 
be equipped with apparatus for handling and mixing the 
powder and the dilute dispersion. 
[0005] It is known to make aqueous dispersions of 
bentonite having a higher solids content. The first dis- 
closure of this in connection with the production of ben- 
tonite for paper making is in EP-A-485,124 wherein the 
bentonite is dispersed at high solids, for instance up to 
27 to 30%, as a slurry in an aqueous solution of sodium 
chloride or other inorganic electrolyte. Optionally some 



sodium polyacrylate can be used. The bentonite which 
is dispersed in this manner is preferably a commercial 
(typically calcium) bentonite containing sodium carbon- 
ate activator. Thus the activation of the bentonite is com- 
5 pleted when the slurry is diluted with water to make a 
flowable dilute dispersion. 

[0006] U.S.-A-5.266.538 is another disclosure of 
making concentrated bentonite slurries for paper mak- 
ing, again concentrating primarily on the use of sodium 

10 chloride or other inorganic electrolyte for depressing the 
viscosity of the slurry. In this publication, however, the 
bentonite is always introduced in sodium form. Various 
electrolytes are exemplified. Amongst these, there is an 
example of forming 25% bentonite gel with 2.5 or 5% 

is sodium citrate in water. It is shown that these gels have 
viscosities respectively of 40,000 and 5,500cps (Brook- 
field, 20rpm) and that they gel on standing for 24 hours. 
The preferred material is said to be sodium chloride. 
[0007] U.S.-A-5,391 ,228 repeats much of the disclo- 

20 sure of U.S. 5,266,538 but adds disclosure of a process 
in which calcium bentonite and sodium carbonate are 
slurried in aqueous sodium chloride (i.e., similar to the 
preferred process in EP-A-485,124). It also mentions 
the use of sodium salts such as sodium chloride or sev- 

25 eral others (including sodium citrate) in combination with 
a dispersant salt which is usually sodium silicate ortetra 
sodium pyrophosphate or sodium polyacrylate (again as 
suggested in EP-A-485,124). 

[0008] There has been some commercial use of ben- 

30 tonite concentrates made in sodium chloride or other in- . 
organic electrolytes but this use has demonstrated 
some practical difficulties. One difficulty is that it can be 
difficult to achieve a dispersion which is wholly stable 
against hard settling, i.e., there is a risk that, if any set- 

35 tling does occur, it may create a hard precipitate which 
is difficult to redisperse. However even when the con- 
centrated slurry is formulated so as to eliminate this 
problem, it is found necessary to interpose an extra ac- 
tivation period during the dilution of the concentrate and 

40 prior to addition to the cellulosic suspension. Thus, it is 
necessary to dilute the concentrate with water and then 
allow this to mix or stand for a sufficient period to allow 
activity to recover, prior to addition of the diluted disper- 
sion to the cellulosic suspension. The reason for this is 

45 that the sodium chloride or other electrolytes which have 
been preferred (from the point of view of convenience 
and efficiency of dispersion formation) all have the dis- 
advantage that the sodium chloride or other electrolyte 
seems to cause salting out and double layer compres- 

50 sion in the bentonite structure because of the high ionic 
strength. Thus it is necessary to give prolonged mixing 
with dilution water to allow the bentonite to try to recover 
to as highly an activated condition as is possible. 
[0009] Unfortunately, however, full recovery of per- 

55 formance does not seem to be possible and it is a fact 
that the performance of dilute activated bentonite dis- 
persions made by dilution of a concentrated slurry has 
proved to be inferior to the performance of a dilute acti- 
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vated bentonlte dispersion made by direct dispersion of 
the corresponding bentonite powder (and activator) in 
water. 

[0010] It would be desirable to be able to provide a 
bentonite concentrate which has the advantages of high 5 
solids content and fluidity and stability with the potential 
for giving activity in use equivalent to the optimum ac- 
fivty which is obtainable from the corresponding dry ben- 
tonite. In particular, it would be desirable to be able to 
provide paper making processes in which the mill can 10 
be supplied with a concentrate but can then easily and 
conveniently use that concentrate under conditions 
whereby performance is substantially equivalent to the 
performance previously obtainable using the corre- 
sponding bentonite supplied to the mill in powder form. 
[0011] The normal way of providing bentonite (either 
for supply as powder or as a concentrate) comprises 
digging the bentonite out of the ground, wet mulling it 
with sodium carbonate or other activator, drying the mix- 
ture, grinding it, air classifying it and then supplying the 20 
resultant powder either direct to the user or to the slur- 
rying facility where it is converted into a concentrate. It 
would be desirable to simplify this procedure. 
[0012] In one aspect of the invention we make paper 
by a process comprising forming a cellulosic suspen- 
sion, mixing an activated bentonite dispersion into the 
cellulosic suspension, draining the cellulosic suspen- 
sion to form a wet sheet and drying the sheet, and in 
this process the activated bentonite dispersion added to 
the cellulosic suspension is either a stable fluid ben- 
tonite concentrate or is a dilute bentonite dispersion 
made by diluting the concentrate with water, and the 
concentrate is a dispersion of 15 to 40% by weight of 
bentonite in water containing citrate in a fluid stabilising 
and activating amount which is such that the concen- 
trate has a viscosity (Brookfield, 20rpm, spindle 4) of 
below 2000cps. 

[0013] The invention also includes the novel concen- 
trate which is a dispersion of 15 to 40% by weight of 
bentonite in water contaning citrate in a fluid stabilising 
and activating amount which is such that the concen- 
trate has a viscosity (Brookfield, 20rpm, spindle 4) of 
below 2000cps. 

[0014] The concentrate can be made using natural 
sodium bentonite or previously activated bentonite, but 
is particularly preferred that the concentrate should be 
formed from alkaline earth bentonite (in practice calcium 
and/or magnesium bentonite) by blending the alkaline 
earth bentonite with water and alkali metal or ammoni- 
um citrate (in practice sodium citrate) as activator and 
stabiliser. Thus by this technique it is possible simulta- 
neously to activate the bentonite and convert it into a 
stable concentrate. 

[0015] Accordingly, another aspect of the invention 
comprises blending alkaline earth bentonite with water 
and sodium citrate (or other alkali metal or ammonium 
citrate) and thereby forming a concentrate of 15 to 40% 
by weight activated bentonite in water containing citrate. 



[0016] The paper making processes of the invention 
have several advantages compared to known process- 
es of making paper using bentonite. In particular, by the 
invention it is now possible to obtain performance In 
such processes equivalent to that which is obtainable 
using the corresponding bentonite in powder form but 
without the inconvenience of having to handle powder. 
Thus, for the first time, we are now providing a bentonite 
concentrate which, when diluted into the cellulosic sus- 
pension, gives performance substantially equivalent to 
the corresponding powder and considerably improved 
compared to the corresponding concentrate made using 
the previously preferred activator and stabiliser, namely 
sodium chloride. 

[0017] A further advantage is that the concentrate can 
be used without undergoing a prior dilution activation 
stage! Thus whereas the prior concentrates made using 
sodium chloride had to be diluted in water and then al- 
lowed to stand to activate or recover their activity, the 
concentrates of the invention can, without significant 
loss of performance, either be mixed direct into the cel- 
lulosic suspension (i.e., without any prior dilution) or can 
be converted to a dilute bentonite dispersion by diluting 
the concentrate substantially immediately before mixing 
the dilute bentonite dispersion with the cellulosic sus- 
pension. For instance the concentrate can be diluted in 
line as it is being fed towards or into the cellulosic sus- 
pension, without any significant holding stage between 
the dilution and the addition of the diluted dispersion to 
the cellulosic suspension. 

[0018] Accordingly, in preferred processes the undi- 
luted concentrate is mixed into the cellulosic suspension 
or the concentrate is diluted with water to form a dilute 
bentonite dispersion which is then mixed substantially 
35 immediately with the cellulosic suspension. If there is 
predilution, preferably the diluted bentonite dispersion 
is mixed into the cellulosic suspension in less than 5 
minutes and often less than 2 minutes from the start of 
dilution. If there is predilution, the dilution is preferably 
40 in line and does not involve any significant holding tank 
or stage prior to addition to the cellulosic suspension. 
This is in contrast to the preferred concentrates that are 
described in EP-A-485,124 and U.S-A-.5,266,538 and 
US-A-5,391,228 as being used in paper making, since 
45 all such concentrates would necessarily have involved 
aconsiderable holding stage in an attemptat recovering 
activity, and the recovered activity would still have been 
inferior to the activity of the corresponding powder or the 
activity of the bentonite in the invention. 
50 [0019] For instance, in paper making, performance 
can be indicated by a simple test such as drainage time. 
The dry weight of bentonite required to give a particular 
drainage time in a particular test using the slurries of the 
invention is usually no more than, and often is about the 
55 same as, when the same bentonite had been activated 
from powder using sodium carbonate in conventional 
manner, whereas the dosage of bentonite required to 
give the same performance when the bentonite is pro- 
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vided as a slurry in aqueous sodium chloride is often at 
least 25% or 30% more, frequently at least 60% more, 
and often double. Thus the use of slurries in accordance 
with the invention can result in a saving of at least 25% 
and often at least 50% in the amount of bentonite that 
is required to give any particular performance result, 
compared to slurries made using sodium chloride. 
[0020] Another advantage of the invention arises in 
paper making processes and other environments where 
the performance of conventional activated bentonites 
(eg obtained by activation from powder using sodium 
carbonate in conventional manner) is depressed by the 
pH or the osmotic pressure of hardness salts. Thus con- 
ventional bentonites tend to be less effective when the 
cellulosic suspension has pH below about 6.5, for in- 
stance in the range 4.2 to 5.5, than when the suspension 
has a higher pH, for instance 7 to 7.5. Surprisingly the 
activated bentonites obtained in the invention can per- 
form very well in such suspensions without any signifi- 
cant loss of activity. Thus the use of the slurries in acidic 
suspensions can give a large improvement in the paper 
making process compared to the use of known ben- 
tonites. 

[0021] Conventional activated bentonites also may 
have inferior performance when the cellulosic suspen- 
sion is made using relatively hard water, for instance 
having a hardness above 10°dH and typically in the 
range 15°dH to 50°dH. Improved performance is ob- 
tained using the bentonites obtained in the invention in 
such hard waters. This improvement may be manifested 
by improved drainage rates or by reducing scale depo- 
sition or both. 

[0022] A further advantage of the compositions made 
by activation of alkaline earth bentonite with sodium ci- 
trate is that they can have lower pH (neutral or near neu- 
tral) than prevails when activation is by sodium carbon- 
ate. 

[0023] The amounts of citrate and bentonite in the 
slurry will be inter-related in that greater amounts of ci- 
trate will be required with greater amounts of bentonite 
than with lesser amounts of bentonite. The amount must 
be sufficient that the concentrate is a stable fluid and, 
when the bentonite is being activated in the concentrate, 
that full activation of the bentonite by ion exchange oc- 
curs. The amount (calculated as sodium citrate) is usu- 
ally in the range 1% to 100% based on the dry weight 
of bentonite. Often it is at least 10% and preferably at 
least 16%, for instance at least 20%. Often it is below 
60%, and frequently not more than 40%. 
[0024] When the bentonite is introduced as alkaline 
earth bentonite, it is preferred that sodium citrate is sub- 
stantially the only activating material in the suspension. 
Thus if small amounts of other activators (for instance 
sodium carbonate) are present, preferably their effect 
on activation is minor relative to the effect of the sodium 
citrate. Preferably the sodium citrate is the only activa- 
tor. 

[0025] Similarly, it is generally preferred that citrate is 



substantially the only dispersion stabiliser in the concen- 
trate. If other materials are present, preferably their ef- 
fect is minor compared to that of the citrate. Preferably 
the citrate is the only dispersion stabiliser. 
5 [0026] By saying that the citrate is substantially the 
only activator and/or dispersion stabiliser, we intend to 
allow for minor amounts of other components, for in- 
stance in a weight amount of not more than 20% and 
preferably not more than 10% by weight of the citrate. 
10 However larger amounts can be used provided they do 
not detract from the performance of the citrate. 
[0027] The amount of bentonite in the concentrate 
should be at least 15% by weight (dry weight bentonite 
based on the total weight of the concentrated disper- 
15 sion) since it tends to be uneconomic to provide a con- 
centrate having lower bentonite content. It is not usually 
more than about 35%, and often not more than 30%, 
since it becomes more difficult to provide a concentrate 
of good quality bentonite wherein the concentrate has 
20 good fluid stability when the amount of bentonite is very 
high. However when the bentonite is of rather poor qual- 
ity, i.e., having rather low swelling potential, then 
amounts of bentonite above 35%, and in some instanc- 
es even up to 50%, may be appropriate. 
25 [0028] in practice the amount of bentonite is usually 
at least 20% and often up to 28, 30 or 35% by weight. 
[0029] The bentonite can be introduced in sodium 
form, as a result of being a naturally occurring sodium 
bentonite, or it can be introduced as activated bentonite 
30 formed by previously activating alkaline earth metal 
bentonite with sodium carbonate or other activator, in 
which event some residual sodium carbonate may be 
carried into the concentrate. When the bentonite is in- 
troduced in sodium form, the citrate can be added in any 
35 convenient form, for instance as citric acid or as alkali 
metal or ammonium citrate, for instance potassium, so- 
dium or ammonium citrate. Generally it is preferred to 
use sodium citrate or, in some instances, citric acid to- 
gether with sufficient sodium hydroxide to form sodium 
40 citrate. When the bentonite is introduced as alkaline 
earth metal bentonite, then it is preferred for the citrate 
to be introduced as sodium citrate. 
[0030] The amount of citrate which is required to form 
a stable suspension will depend upon the nature of the 
45 bentonite and the nature of its ionic form. There is some 
evidence indicating that if the bentonite is introduced in 
sodium form then larger amounts of citrate may be re- 
quired than when the bentonite is introduced in calcium 
or magnesium form (i.e., larger amounts may be re- 
so quired to give equivalent fluidity). Also, the amount 
which is required will vary according to the grade of ben- 
tonite and so it is necessary to conduct tests to deter- 
mine the optimum for any particular grade and chemical 
type of bentonite. The nature of the water may also in- 
55 fluence the amount of citrate. 

[0031] If the amount of citrate is inadequate then the 
concentrated dispersion will have too high a viscosity 
when initially manufactured and/or will not be a stable 
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fluid and/or will be unacceptably thixotropic and/or will 
form ah unacceptable gel on standing. If the amount is 
too high then the dispersion may become thinner than 
is desirable and may even become an unstable thin dis- 
persion. 

[0032] By routine experimentation it is possible to se- 
lect an amount of citrate, for any particular bentonite and 
water quality, that is necessary to give a fluid stable dis- 
persion having the desired viscosity. By saying that the 
dispersion is a fluid stable dispersion we mean that it 
does not settle to give a hard, unredispersible, precipi- 
tate and does not gel to give an unacceptable gel, and 
preferably remains as a fluid which is homogeneous or 
which can easily be made homogeneous by simple stir- 
ring. In practice, the compositions of the invention can 
easily be formulated such that a small amount of super- 
natent may accumulate on storage but the composition 
otherwise appears homogeneous. The quoted viscosity 
is preferably maintained throughout storage and, in any 
event the suspension should have the quoted viscosity 
48 hours after initial manufacture. 
[0033] The viscosity is below 2000cps. It is usually un- 
desirable for the viscosity to be too low and so should 
be above 1 0Ocps and generally it is above 500cps, often 
above 1000cps. All viscosity values are measured at 
room temperature. The suspension can be thixotropic 
provided it is easily possible to cause it to flow when 
required. The suspension must be easily miscible with 
water, by simple stirring. 

[0034] The amount of citrate, measured as sodium ci- 
trate, is usually at least 3% and most usually at least 5% 
by weight (based on the total weight of the dispersion). 
When the bentonite is introduced as an alkaline earth 
bentonite, amounts of 3% or 4% can be adequate, but 
at least 5% or 6% is usually preferred. When the ben- 
tonite is introduced as sodium bentonite, amounts of at 
least 6% are generally preferred. Irrespective of whether 
the bentonite is sodium, calcium or magnesium, the 
amount can be as much as 20% but usually is less than 
15% by weight, with preferably not more than 12%. 
Amounts of 6 to 10% are often suitable. 
[0035] It will be appreciated that slurries which have 
been made by activating alkaline earth metal bentonite 
with sodium citrate can be identified by virtue of the fact 
that the aqueous medium will contain calcium or mag- 
nesium citrate, deriving from the ion exchange of the so- 
dium of the sodium citrate with the calcium or magnesi- 
um of the alkaline earth bentonite. 
[0036] The bentonite can be any of the anionic swell- 
ing clays that are conventionally referred to as ben- 
tonites. These are usually smectites or montmorillon- 
ites, the latter being preferred. Suitable smectite or 
montmorillonite clays include Wyoming bentonite and 
Fullers Earth and various clays including those known 
by the chemical terms hectorite or bentonite. 
[0037] The stability of the concentrates of the inven- 
tio n should be such that they maintain fluidity (often thix- 
otropic fluidity) for at least a week and preferably several 



weeks or months, and in particular such that they do not 
provide a hard sediment (which is difficult to redisperse) 
during normal storage or transport. 
[0038] The concentrate can be used in any paper 
5 making process where an activated bentonite disper- 
sion is added to the cellulosic stock. For instance it can 
be used in processes where the bentonite dispersion is 
added as a pitch dispersant, generally at the thick stock 
stage (e.g., when the cellulosic suspension contains 
10 more than 2% cellulose). 

[0039] The invention is preferably applied to process- 
es in which the bentonite is incorporated as part of the 
retention system, either to prepare the cellulosic fibres 
for retention by a polymer or as part of a microparticulate 
15 retention system. 

[0040] One paper-making process to which the inven- 
tion can be applied is a process in which bentonite is 
added to a cellulosic suspension, typically in an amount 
of 0.02 to 2% dry weight, and a polymeric retention aid 
20 is added subsequently, generally after the last point of 
high shear (for instance in the head box immediately pri- 
or to drainage). The polymer can be non-ionic, anionic 
or cationic. The cellulosic suspension can be made from 
relatively pure pulp or from pulp having a relatively high 
25 cationic demand. 

[0041 ] Processes of this type that are of particular val- 
ue are those in which the pulp has a relatively high cat- 
ionic demand and the polymer is substantially non-ionic 
or anionic and the paper product is preferably newsprint 
30 or fluting medium. Processes of this type in which the 
total filler content is relatively low are described in U.S. 
-A-4305781 and EP-A-1 7353 to which reference should 
be made for further details of suitable non-ionic or low 
ionic polymers and suitable cellulosic suspensions and 
35 which is hereby incorporated by reference. More highly 
ionic orcationic polymers can also be used. These proc- 
esses are of particular value when the cellulosic sus- 
pension contains de-inked waste. Suitable polymers 
and fillers (when the pulp is filled) are also described in 
40 EP-A-608986 and AU-A-63977/86. 

[0042] It is particularly preferred to apply the invention 
to microparticulate paper making processes, namely 
processes in which polymeric retention aid is added to 
the cellulosic suspension, the suspension is subjected 
45 to shearing, and the bentonite is then added after the 
shearing, and often after the last point of high shear for 
instance at the headbox, prior to drainage. The polymer 
can be anionic or non-ionic but is often cationic. It can 
be a natural material such as cationic starch but is pref- 
50 erably a synthetic polymer. 

[0043] The shearing can be due merely to turbulence 
along a duct but preferably it is caused by passage 
through a centriscreen or other cleaning device or a fan 
pump or a mixing pump or other device for deliberately 
55 applying shear. Preferred processes include those com- 
mercialised by the applicants under the trade mark Hy- 
drocol and are described in, for instance, EP-B-235,893 
and U.S.-A-4,753,710, US-A-4,91 3,775 and US-A- 
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4,969,976 and EP-B-335,575. The optimum amount of 
polymeric retentin aid can be determined by routine ex- 
perimentation and will depend upon the nature of the 
cellulosic suspension and, inter alia, on whether or not 
low molecular weight high charge density cationic poly- 
mer and/or cationic starch and/or other dry strength res- 
in has been incorporated in the suspension, all as de- 
scribed in the aforementioned patents. 
[0044] The polymeric retention aids which are used 
are usually water soluble, or substantially water soluble 
polymers of ethylenically unsaturated monomers and 
usually have molecular weight above 500,000 (meas- 
ured by gel permeation chromatography) or usually in- 
trinsic viscosity (measured by suspended level viscom- 
eter in 1N sodium chloride buffered to pH 7 at 25°C) of 
at least 4dl/g. Suitable polymers are described in the 
aforementioned patents. 

[0045] The amount of the bentonite which is used in 
all these processes can be within the conventional rang- 
es which are described in the aforementioned patents. 
As mentioned above, the bentonite can be added into 
the cellulosic suspension either while it is still in the form 
of the concentrate or simultaneously with or soon after 
dilution with water. This dilution can be to, for instance, 
a solids content in the range 3 to 8% or it can be dilution 
to a solids content of below 3%, for instance down to 
0.1% or even less in some instances. 
[0046] The invention also includes processes in which 
the novel concentrate is used for other purposes. For 
instance it can be used in pulp dewatering, paper sludge 
dewatering, liquid solid separation processes, effluent 
clarification, inky waste water clarification all in paper- 
related industries, and it can be used in other industries. 
For instance it can be a convenient way of formulating 
a bentonite slurry which is to be pumped for eventual 
use in any of the known ways of using bentonite in other 
industries. It can be used as a convenient way of intro- 
ducing bentonite into iron ore pelletisation processes 
where the bentonite is being used in conventional man- 
ner as a binder. 

[0047] The invention also includes a process of mak- 
ing an activated bentonite slurry comprising quarrying 
raw alkaline earth bentonite and mixing the quarried ma- 
terial with water and sodium citrate and thereby forming 
a coarse slurry containing at least 10% bentonite and 
filtering, classifying or cleaning the slurry. The filtering 
can be any process designed to remove physically large 
or dense material not suitable for the final process. The 
size of the filter classification will be selected so that the 
resultant bentonite particles that are preferably within 
the size range which is conventional for activating ben- 
tonite for the ultimate intended use. The filter may be, 
for instance, a cyclonic cleaning device or other classi- 
fying device or cleaning device. 

[0048] Having removed the waste material by filtra- 
tion, the resultant slurry can then be dried in convention- 
al manner to make powdered activated bentonite or it 
can be supplied to a user as a concentrated dispersion 



in accordance with the invention. If this is required, then 
naturally the amount of bentonite which is slurried into 
the water and sodium citrate should be sufficient to give 
a concentrated dispersion in accordance with the inven- 

5 tion. Thus generally the amount of bentonite which is 
slurried into the water and sodium citrate is in the range 
15 to 40%. The amount of sodium citrate which is re- 
quired for this process must be sufficient to provide for 
activation of the alkaline earth bentonite. If it is not nec- 

10 essary for the slurry to be stable then it can be less than 
the amount which is required to give fluid stability to the 
slurry. 

[0049] This process of making activated bentonite 
eliminates many of the stages associated with conven- 

15 tional production of activated bentonite. Thus it is now 
possible to eliminate the conventional stages of wet 
mulling, drying and grinding and air classifying and, in- 
stead, they can be replaced by the simple on-line or 
batch process of slurrying the bentonite into aqueous 

20 sodium citrate and filtering (including classifying and 
cleaning). 

[0050] Similarly, other concentrates, such as concen- 
trates made using any of fluid stabilisers mentioned in 
EP-A-485,124, can be made by the same general tech- 

25 nique modified by the use of the stabilisers of EP-A- 
485,124 in place of the sodium citrate. Similarly, other 
materials mentioned in U.S.-A-5,266,538 or US-A- 
5,391 ,228 can be used in place of the sodium citrate. 
However all these modified processes would have the 

30 disadvantage that the final product does not have the 
advantages which are described above in connection 
with the products made using citrate. 
[0051] The following are examples. 

35 Example 1 (Comparative) 

[0052] Dispersion A is made by slurrying 5 parts cal- 
cium bentonite in 95 parts water. 
[0053] Dispersion B is made by the conventional ac- 
40 tivating procedure of slurrying a mixture of 4.7 parts cal- 
cium bentonite, 0.3 parts sodium carbonate and 95 parts 
water to give a 5% composition of sodium bentonite, 
which is then usually further diluted with water prior to 
use. 

45 [0054] Dispersion C is made by slurrying 23.5 g cal- 
cium bentonite and 1 .5 g sodium carbonate (thus pro- 
viding 25 g sodium bentonite) with 3 g sodium chloride 
and 72 g water. This 25% slurry then has to be activated 
in water, typically after dilution to about 5%, prior to use. 

so [0055] Accordingly, the processes using dispersion B 
are typical of those conducted using conventional pow- 
dered bentonite which has to be activated before use, 
and processes using dispersion C are typical of those 
using sodium chloride slurries as in the prior art dis- 

55 cussed above. 
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Example 2 

[0056] 25 parts by weight calcium bentonite, 6 parts 
by weight sodium citrate and 69 parts by weight water 
"are thoroughly mixed together to form a fluid suspen- 
sion. This is labelled dispersion D. After standing for 48 
hours, it had a Brookf ield viscosity, measured at 20 rpm 
of 575 cP. 

[0057] When the process was repeated using 1 0 parts 
sodium citrate and 65 parts water, to make dispersion 
E, the viscosity after 48 hours was 737 cP. 
[0058] Dispersion F was formed in similar manner us- 
ing 9 parts sodium citrate, 66 parts water and 25 parts 
of a sodium bentonite made by premixing 23.5 parts cal- 
cium bentonite and 1 .5 parts sodium carbonate. 
[0059] Dispersion G was made using 25 parts calcium 
bentonite, 9 parts sodium citrate and 66 parts water. 

Example 3 

[0060] In this example various of the dispersions giv- 
en above are utilised in a laboratory simulation of proc- 
esses such as those described in US-A-475371 0. A suit- 
able thinstock (usually 0.5% bleached Kraft Furnish) is 
provided, an appropriate dosage (usually 500 g per ton) 
of a high molecular weight (typically intrinsic viscosity 6 
dl/g) cationic polyacrylamide (usually 40% by weight 
dimethylaminomethyl acrylate quarternised with methyl 
chloride and 60% by weight acrylamide) is added, the 
suspension is sheared for 60 seconds at 1 ,500 rpm, the 
required dosage of bentonite dispersion is added, the 
mixture is subjected to gentle mixing and the Schopper 
Riegler drainage time is recorded for 700 ml to drain 
from 1 ,000 ml of the treated suspension, using a baffled 
Britt jar. 

[0061] Each of the following tables represents a dif- 
ferent set of experiments. In each set of experiments, 
the amounts in the column headed "Bentonite" always 
indicate the dosage of bentonite expressed in dry weight 
grams per ton paper and the figures in the columns 
headed by letters B to G show the drainage time using 
the shown amount of bentonite introduced, respectively, 
as dispersions Bto G. In each instance, forthe purposes 
of this test, the best results are obtained with the lowest 
drainage time, especially when this is obtained at a low 
dose of bentonite. 



[0062] This demonstrates that the prior art slurries 
formed in sodium chloride (dispersion C) tend to give 
poor results compared to conventionally activated pow- 
dered bentonite (dispersion B) but the dispersion F of 

5 the invention again gives results as good as or a little 
better than the conventional product B and much better 
than the prior art concentrate C. Additionally, it has the 
advantages of ease of manufacture and ease of supply 
and use compared to processes using dry products (dis- 

10 persion B). 



Table 2 
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Bentonite 


G 


C 


0 


52 


52 


250 


32 


48 


500 


24 


44 


1000 


16 


40 


2000 


11 


30 


4000 


9 


21 



[0063] This clearly demonstrates the fact that the so- 
dium citrate slurry concentrate of the inventive gives, at 
all dosages, a performance which is dramatically better 
?5 than the performance attainable with the sodium chlo- 
ride slurry of the prior art 

Example 4 

30 [0064] This example demonstrates that it is unimpor- 
tant in the invention whether or not the bentonite con^ 
centrate is diluted before addition to the cellulosic sus- 
pension, whereas this makes a critical difference with 
the prior art concentrates. 

35 [0065] Thus, when a 25% slurry in aqueous sodium 
chloride is diluted first to 5% and then to 0.25%, the 
drainage time in a test using 2000g/t bentonite is about 
75 seconds compared to 30 seconds for the corre- 
sponding bentonite powder. When the dilution is direct 

40 from 25% to 0.25%, the drainage time is even worse. 
[0066] When a 25% slurry in sodium citrate is used, 
the drainage time at 2000g/t is about 30, irrespective of 
the system of dilution. 

45 

Claims 
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A process of making paper comprising forming a 
cellulosic suspension, mixing an activated ben- 
tonite dispersion into the cellulosic suspension, 
draining the cellulosic suspension to form a wet 
sheet and drying the sheet, wherein the activated 
bentonite dispersion which is added to the cellulosic 
suspension is a stable, fluid, bentonite concentrate 
or a dilute bentonite dispersion made by diluting the 
concentrate with water, and the concentrate is a dis- 
persion of 1 5 to 40% by weight of bentonite in water 
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characterised in that, 

the concentrate contains citrate in a fluid stabilising 
and activating amount which is such that the con- 
centrate has a viscosity (Brookfield, 20rpm, spindle 
4) of below 2000cps. 

2. A process according to claim 1 in which the activat- 
ed bentonite dispersion which is added to the cel- 
lulosic suspension is the concentrate or is a diluted 
bentonite dispersion made by diluting the concen- 
trate substantially immediately before mixing the di- 
luted bentonite dispersion with the cellulosic sus- 
pension. 

3. A process according to claim 1 or claim 2 and which 
is a microparticulate retention process comprising 
mixing a polymeric retention aid into the cellulosic 
suspension, shearing the suspension, mixing the 
activated bentonite dispersion into the sheared sus- 
pension and draining the resultant cellulosic sus- 
pension and drying the resultant wet sheet. 

4. A process according to claim 3 in which the poly- 
meric retention aid is cationic starch or a synthetic 
cationic polymer having molecular weight above 
500,000. 

5. A process according to any preceding claim where- 
in the fluid bentonite concentrate has been made 
by blending alkaline earth bentonite with water and 
alkali metal or ammonium (preferably sodium) cit- 
rate as activator and stabiliser. 

6. A process according to claim 5 in which sodium ci- 
trate is substantially the only activator in the con- 
centrate. 

7. A process according to any preceding claim in 
which citrate is substantially the only dispersion sta- 
biliser in the concentrate. 

8. A process according to any preceding claim in 
which the amount of bentonite is 20 to 35% by 
weight of the concentrate. 

9. A process according to any preceding claim in 
which the amount of citrate, measured as sodium 
citrate, is 3 to 20% by weight of the concentrate. 

10. A process according to any preceding claim in 
which the amount of citrate, measured as sodium 
citrate, is at least 6% by weight based on the weight 
of the concentrate. 

11. A process according to any preceding claim in 
which the concentrate has a viscosity of 100 to 
2000cps. 



12. A concentrate which is a stable, fluid, bentonite dis- 
persion of 15 to 40% by weight bentonite in water, 
characterised in that, 

the concentrate contains citrate in a fluid stabilising 
5 and activating amount which is such that the con- 

centrate has a viscosity (Brookfield, 20rpm, spindle 
4) of below 2000cps. 

13. A concentrate according to claim 12 which has been 
10 made by blending alkaline earth bentonite with wa- 
ter and sodium citrate as activator and stabiliser. 

14. A concentrate according to claim 13 in which sodi- 
um citrate is substantially the only activator in the 

15 concentrate. 

15. A concentrate according to any of claims 12 to 14 
in which citrate is substantially the only dispersion 
stabiliser in the concentrate. 

20 

16. A concentrate according to any of claims 12 to 15 
in which the amount of bentonite is 20 to 35% by 
weight of the concentrate. 

25 17. A concentrate according to any of claims 12 to 16 
in which the amount of citrate, measured as sodium 
citrate, is 5 to 20% based on the weight of the con- 
centrate. 

30 18. A concentrate according to any of claims 12 to 17 
in which the amount of citrate, measured as sodium 
citrate, is at least 6% based on the weight of the 
concentrate. 

35 19. A concentrate according to any of claims 12 to 18 
which has a viscosity of 100 to 2000cps. 

20. A method of making a concentrate according to any 
of claims 12 to 19 comprising blending alkaline 

40 earth bentonite with water and sodium citrate. 

21 . A method of making activated bentonite comprising 
mixing quarried raw alkaline earth bentonite with 
water and alkali metal or ammonium (preferably so- 

45 dium) citrate and thereby forming a slurry, and fil- 
tering the slurry. 

22. A method of making a concentrate according to 
claim 12 comprising mixing more than 15% by 

50 weight raw quarried alkaline earth bentonite with 
water and alkali metal or ammonium (preferably so- 
dium) citrate, filtering the slurry and thereby provid- 
ing the concentrate. 

55 

Patentansp ruche 

1 . Verfahren zur Herstellung von Papier, umfassend 
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das Bilden einer Cellulosesuspension, das Einmi- 
schen einer aktivierten Bentonitdispersion in die 
Cellulosesuspension, das Entwassem der Cellulo- 
sesuspension unter Bildung einer nassen Bahn und 
das Trocknen der Bahn, wobei es sich bei der akti- 
vierten Bentonitdispersion, die der Cellulosesus- 
pension zugesetzt wird, um ein stabiles, flussiges, 
Bentonitkonzentrat oder eine verdiinnte Bentonitdi- 
spersion, die durch Verdiinnen des Konzentrats mit 
Wasser hergestellt worden ist, handelt und es sich 
beim Konzentrat um eine Dispersion von 15 bis 40 
Gew.-% Bentonit in Wasser handelt, 
dadurch gekennzelchnet, dass 
das Konzentrat Citrat in einer fliissigkeitssta- 
bilisierenden und aktivierenden Menge enthalt, die 
so beschaffen ist, dass das Konzentrat eine Visko- 
sitat (Brookfield, 20 U/min, Spindel Nr. 4) unter 2 
000 Cps aufweist. 

2. Verfahren nach Anspruch 1 , wobei es sich bei der 
aktivierten Bentonitdispersion, diezu der Cellulose- 
suspension gegeben wird, um das Konzentrat Oder 
eine verdiinnte Bentonitdispersion, die durch Ver- 
diinnen des Konzentrats im wesentlichen unmittel- 
bar vor dem Vermischen der verdunnten Bentonit- 
dispersion mit der Cellulosesuspension hergestellt 
worden ist, handelt. 

3. Verfahren nach Anspruch 1 oder 2, bei dem es sich 
um ein Mikroteilchen-Retentionsverfahren handelt, 
umfassend das Einmischen eines polymeren Re- 
tentionshilfsmittels in die Cellulosesuspension, das 
Scherbehandeln der Suspension, das Vermischen 
der aktivierten Bentonitdispersion zu einer einer 
Scherbehandlung unterzogenen Suspension und 
das Entwassem der erhaltenen Cellulosesuspensi- 
on und das Trocknen der erhaltenen nassen Bahn. 

4. Verfahren nach Anspruch 3, wobei es sich beim po- 
lymeren Retentionshilfsmittel um eine kationische 
Starke oder ein synthetisches, kationisches Poly- 
meres mit einem Molekulargewicht iiber 500 000 
handelt. 

5. Verfahren nach einem der vorstehenden Ansprii- 
che, wobei das flussige Bentonitkonzentrat durch 
Vermischen von Erdalkalibentonit mit Wasser und 
einem Alkalimetall - oder Ammoniumoitrat (vor- 
zugsweise Natriumcitrat) als Aktivator und Stabili- 
sator hergestellt worden ist. 

6. Verfahren nach Anspruch 5, wobei Natriumcitrat im 
wesentlichen den einzigen Aktivator im Konzentrat 
darstellt. 

7. Verfahren nach einem der vorstehenden Anspru- 
che, wobei Citrat im wesentlichen den einzigen Di- 
spersionsstabilisator im Konzentrat darstellt. 



8. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die Menge des Bentonits 20 bis 35 
Gew.-% des Konzentrats betragt. 

5 9. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die Menge des Citrats, gemessen als 
Natriumcitrat, 3 bis 20 Gew.-% des Konzentrats be- 
tragt. 

w 10. Verfahren nach einem der vorstehenden Anspru- 
. che, wobei die Menge des Citrats, gemessen als 
Natriumcitrat, mindestens 6 Gew.-%, bezogen auf 
das Gewicht des Konzentrats, betragt. 

15 11. Verfahren nach einem der vorstehenden Ansprii- 
che, wobei das Konzentrat eine Viskositat von 100 
bis 2000 Cps aufweist. 

12. Konzentrat, bei dem es sich um eine stabile, fltissi- 
20 ge Bentonitdispersion mit einem Gehalt an 15 bis 

40 Gew.-% Bentonit in Wasser handelt, dadurch 
gekennzelchnet, dass 

das Konzentrat Citrat in einer solchen flussig- 
keitsstabilisierenden und aktivierenden Menge ent- 
25 halt, dass das Konzentrat eine Viskositat (Brook- 
field, 20 U/min, Spindel Nr. 4) unter 2 000 Cps auf- 
weist. 

13. Konzentrat nach Anspruch 12, das durch Vermi- 
30 schen von Erdalkalibentonit mit Wasser und Natri- 
umcitrat als Aktivator und Stabilisator hergestellt 
worden ist. 

14. Konzentrat nach Anspruch 13, wobei Natriumcitrat 
35 im wesentlichen den einzigen Aktivator im Konzen- 
trat darstellt. 

15. Konzentrat nach einem der Anspriiche 12 bis 14, 
wobei Citrat im wesentlichen den einzigen Disper- 

40 sionsstabilisator im Konzentrat darstellt. 

16. Konzentrat nach einem der Anspriiche 12 bis 15, 
wobei die Menge an Bentonit 20 bis 35 Gew.-% des 
Konzentrats betragt. 



45 



50 



55 



17. Konzentrat nach einem der Anspriiche 12 bis 16, 
wobei die Menge an Citrat, gemessen als Natrium- 
citrat, 5 bis 20 %, bezogen auf das Gewicht des 
Konzentrats, betragt. 

18. Konzentrat nach einem der Anspriiche 12 bis 17, 
wobei die Menge an Citrat, gemessen als Natrium- 
citrat, mindestens 6 %, bezogen auf das Gewicht 
des Konzentrats, betragt. 

19. Konzentrat nach einem der Anspriiche 12 bis 18, 
das eine Viskositat von 1 00 bis 2000 Cps aufweist. 
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20. Verfahren zur Herstellung eines Konzentrats nach 
einem der Anspruche 12 bis 19, umfassend das 
Vermischen von Erdalkalibentonit mit Wasser und 
Natriumcitrat. 

21 . Verfahren zur Herstellung von aktiviertem Bentonit, 
umfassend das Vermischen von grubenmaBig ab- 
gebautem, rohem Erdalkalibentonit mit Wasser und 
einem Alkalimetall- oder Ammoniumcitrat (vorzugs- 
weise Natriumcitrat) und dadurch Bilden einer Auf- 
schlammung und Filtrieren der Auf schlammung. 

22. Verfahren zur Herstellung eines Konzentrats nach 
Anspruch 12, umfassend das Vermischen von mehr 
als 15 Gew.-% von rohem, grubenmaBig abgebau- 
tem Erdalkalibentonit mit Wasser und einem Alka- 
limetall- Oder Ammoniumcitrat (vorzugsweise Natri- 
umcitrat), das Filtrieren der Aufschlammung und 
dadurch das Bereitstellen des Konzentrats. 



4. Precede selon la revendication 3 dans lequel I'ad- 
juvant de retention polymere est un amidon catio- 
nique ou un polymere cationique ay ant une masse 
molaire superieure a 500 000. 

5 

5. Procede selon I'une quelconque des revendications 
precedentes, ou le concentre de bentonite fluide a 
6t6 prepare par melange d'une bentonite de metaux 
alcalino-terreux avec I'eau et un citrate de metal al- 
to calin ou d'ammonium (de preference de sodium) 

comme activateur et stabilisant. 

6. Procede selon la revendication 5, dans lequel le ci- 
trate de sodium is essentiellement le seul activateur 

15 dans le concentred 

7. Procede selon I'une quelconque des revendications 
precedentes dans lequel le citrate est essentielle- 
ment le seul stabilisant de dispersion dans le con- 

20 centre. 



Revendications 

1 . Proc6d6 pour la preparation de papier comprenant 
la formation d'une suspension cellulosique, par me- 
lange d'une dispersion de bentonite activee avec la 
suspension cellulosique, par egouttage de la sus- 
pension cellulosique pour former une f euille humide 
et par sechage de la feuille, ou la dispersion de ben- 
tonite activeen qui est ajoutee a la suspension cel- 
lulosique, est un concentre de bentonite fluide, sta- 
ble, ou une dispersion de bentonite dilu6e realisee 
par dilution du concentre avec I'eau et le concentre 
est une dispersion de 15 a 40 % en masse de ben- 
tonite dans I'eau, 
caracterisee en ce que 

le concentre contient le citrate en une quantite ac- 
tivate et stabilisante de fluide telle, que le concen- 
tre presente une viscosite (Brookfield, 20 tpm, bro- 
che 4) inf6rieure a 2000 cps. 

2. Procede selon la revendication 1 , dans lequel la dis- 
persion de bentonite activee qu'on ajoute a la sus- 
pension cellulosique est le concentre ou une dis- 
persion de bentonite diluee preparee pas dilution 
du concentre directement avant l'op6ration de me- 
lange de la dispersion de bentonite diluee avec la 
suspension cellulosique. 

3. Procede selon la revendication 1 ou2, leditproc6d6 
etant un procede de retention aux microparticules 
comprenant les operations de melange d'un adju- 
vant de retention polymere avec la suspension cel- 
lulosique, de cisaillement de la suspension, de me- 
lange de la dispersion de bentonite activee avec la 
suspension ayant 6t6 soumise au cisaillement et 
d'egouttage de la suspension cellulosique resultan- 
te et de s6chage de la feuille humide resultante. 



8. Procede selon I'une quelconque des revendications 
precedentes dans lequel la bentonite est presente 
a raison de 20 a 35 % en masse du concentre. 

25 

9. Proc6d6 selon I'une quelconque des revendications 
precedentes dans lequel le citrate, mesuree sous 
forme de citrate de sodium, est present a raison de 
3 a 20 % en masse du concentre. 

30 

10. Procede selon I'une quelconque des revendications 
precedentes dans lequel la quantite de citrate, me- 
suree sous forme de citrate de sodium, est d'au 
moins 6 % en masse du poids du concentre. 

35 

11. Procede selon I'une quelconque des revendications 
precedentes dans lequel le concentre presente une 
viscosite de 100 a 2000 cps. 

40 1 2. Concentre, qui est une dispersion de bentonite flui- 
de, stable, ayant une teneur de 1 5 a 40 % en masse 
de bentonite dans I'eau, 
caracterise en ce que 

le concentre contient le citrate en une quantite sta- 
45 bilisante le fluide et activante telle que le concentre 
presente une viscosite (Brookfield, 20 tpm, broche 
4) inferieure a 2000 cps. 

13. Concentre selon la revendication 12, prepare par 
50 melange de bentonite de metaux alcalino-terreux 

avec I'eau et le citrate de sodium comme activateur 
et stabilisant. 

14. Concentre selon la revendication 13, dans lequel le 
55 citrate de sodium est essentiellement le seul acti- 
vateur dans le concentre. 

15. Concentre selon I'une quelconque des revendica- 
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tions 12 & 14, dans lequel le citrate est essentielle- 
ment le seul stabilisant de dispersion dans le con- 
centre. 

"16. Concentre selon I'une quelconque des revendica- 5 
tions 12 a 15, dans lequel la quantite de bentonite 
est de 20 a 35 % en masse du concentre. 

17. Concentre selon I'une quelconque des revendica- 
tions 1 2 a 1 6, dans lequel la quantite de citrate, me- io 
suree comme citrate de sodium, est de 2 a 5 % par 
rapport au poids du concentre. 

18. Concentre selon I'une quelconque des revendica- 
tions 1 2 a 1 7, dans lequel la quantite de citrate, me- is 
suree comme citrate de sodium, est d'au moins 6 

% par rapport au poids du concentre. 

19. Concentre selon I'une quelconque des revendica- 
tions 12 a 18, qui presente une viscosite de 100 a 20 
2000 cps. 

20. Methode pour la preparation d'un concentre selon 
I'une quelconque des revendications 12 a 19, com- 
prenant le melange de la bentonite de metaux alca- 25 
lino-terreux avec I'eau et le citrate de sodium. 

21. Methode pour la preparation de bentonite activee, 
comprenant le melange de bentonite de metaux al- 
calino-terreux extraite brute avec I'eau et un citrate so 
de metal alcalin (de preference de sodium) ou d'am- 
monium et en formant ainsi une bouillie, et la filtra- 
tion de la bouillie. 

22. Procede pour la preparation d'un concentre selon 35 
la revendication 12, comprenant le melange de plus 

de 1 5 % en masse de bentonite de metaux alcalino- 
terreux extraite brute avec I'eau et un citrate de me- 
taux alcalins (de preference de sodium) ou d' am- 
monium, la filtration de la bouillie et I'obtention du 40 
concentre. 
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